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Fluorescence imaging has been uncov-
ering subcellular details in eukaryotic
cells for many decades. However, pro-
karyotes, with their small size, have
more typically been characterized and
defined only by the absence of intracel-
lular structures like the nucleus and or-
ganelles. It is now obvious that very
careful, precise protein localization
and dynamics must be at play to ensure
the proper behavior, division, and
reproduction of prokaryotes. Accord-
ingly, an explosion of interest in bacte-
rial cell biology began ~15 years ago
(1), and over the past five years, the
application of superresolution imaging
techniques to bacteria has allowed the
inner workings of live bacteria cells
to be directly probed, further uncover-
ing the mysteries of subcellular micro-
biology (2).
The organization of proteins in
bacteria cells is only just beginning
to be understood. The actin homolog
MreB has been at the center of many
investigations. In particular, an open
question in microbiology remains:
how does MreB direct and maintain
bacterial shape? In vitro, this protein
can assemble into various filamentous
structures, but the in vivo dynamics
of MreB, and its association with
peptidoglycan (PG) in the cell wall,
remain unclear. With the advent of
high-resolution optical microscopy,
the dynamics of MreB molecules and
assemblies have been studied exten-
sively in live cells of the modelhttp://dx.doi.org/10.1016/j.bpj.2013.08.022
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Escherichia coli, and Bacillus subtilis,
using epi-fluorescence microscopy
(3–7), spinning disk confocal mi-
croscopy (8), single-molecule-based
approaches (9,10), and total internal
reflection fluorescence (TIRF) mi-
croscopy (11). Taken together with
biochemical data, this leads to an
emerging consensus that MreB forms
short cytoplasmic filaments, which
interact with inner-membrane pro-
teins MreC, MreD, and RodZ and
lipid II synthesis enzymes MraY
and MurG to spatially direct PG pre-
cursor synthesis proteins to insertion
points along the cell wall (12). In this
issue of the Biophysical Journal, von
Olshausen et al. (13) couple structured
illumination microscopy (SIM) to
TIRF microscopy to achieve 120-nm
resolution images of MreB in live
B. subtilis (14). With TIRF-SIM, the
authors detect filaments of lengths up
to ~1 mm in the cells. These MreB
strands are transported as a whole,
and move perpendicular to the long
axis of the cell.
Importantly, relative to other super-
resolution studies in live bacterial
cells, the TIRF-SIM technique is
very fast, here allowing frame rates
up to 0.8 Hz. This enables von
Olshausen et al. (13) to study MreB
filament dynamics with high temporal
resolution and to propose a model of
filament transport by coupled PG syn-
thesis motors that bind and unbind
stochastically via a transmembrane
complex to MreB. The authors find a
nonmonotonic filament length-depen-
dent translation speed: short filaments
move faster as they increase in length
whereas longer filaments move slower
as they increase further in length.
This length dependence, coupled
with the observation that the filaments
move equally in both directions, is
explained by a model that evokes the
application of force by motors near
the cell membrane: the average ve-
locity decreases linearly by opposing
forces, i.e., the friction generated
by the bound motors. In analogywith models for eukaryotic systems
(15), this mechanistic multiple-motor
model is consistent with MreB fila-
ment motion driven by the addition
of PG monomers to the ends of PG
strands, and is corroborated by the
authors’ observations in protoplasts,
where MreB filaments remain station-
ary in the absence of a cell wall. By
addressing the problem of MreB fila-
ment motion with TIRF-SIM, von
Olshausen et al. not only improve
our understanding of MreB dynamics,
but also demonstrate that the low pho-
tobleaching and fast imaging speeds
afforded by this technique should be
widely applicable to other questions
in microbiology.REFERENCES
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